Background The role of customary diet and physical activity in development of advanced HCV-related liver disease is not well-established. Methods We conducted a retrospective association study in 91 male veterans with PCR-confirmed chronic HCV and biopsy-determined hepatic pathology. Respondents completed the Block Food Frequency and the International Physical Activity questionnaires. We conducted three independent assessments based on hepatic pathology: fibrosis (advanced = F3-F4 vs. mild = F1-F2), inflammation (advanced = A2-A3 vs. mild = A1) and steatosis (advanced = S2-S3 vs. mild = S1). Each assessment compared estimated dietary intake and physical activity in veterans with advanced disease to that in analogous veterans with mild disease. Multivariate models adjusted for total calories, age, race/ethnicity, biopsy-to-survey lag-time, BMI, pack-years smoking, and current alcohol use. Results Average veteran age was 52, with 48% AfricanAmerican. Advanced fibrosis was more prevalent than advanced inflammation or steatosis (52.7% vs. 29.7% vs. 26.4%, respectively). The strongest multivariate association was the suggestive 14-fold significantly decreased advanced fibrosis risk with lowest dietary copper intake (OR = 0.07, 95% CI 0.01-0.60). Other suggestive associations included the 6.5-fold significantly increased advanced inflammation risk with lower vitamin E intake and 6.2-fold significantly increased advanced steatosis risk with lower riboflavin intake. The only physical activity associated with degree of hepatic pathology was a two-fold greater weekly MET-minutes walking in veterans with mild compared to advanced steatosis (P = 0.02). Conclusions Several dietary factors and walking may be associated with risk of advanced HCV-related liver disease in male veterans. However, given our modest sample size, our findings must be considered as provisional pending verification in larger prospective studies.
. From 5 to 25% of those with chronic infection ultimately develop cirrhosis after a period of 25-30 years [2] . HCV-related cirrhosis is now the leading cause of liver transplant [3] and conveys the greatest excess risk of hepatocellular carcinoma (HCC) [4] in the United States. A number of factors are known to increase risk of hepatic disease progression in the context of chronic HCV infection: increasing age, male gender, longer duration of infection, African-American ethnicity and chronic alcohol abuse. Recent research suggests type 2 diabetes [5] [6] [7] [8] [9] and higher body mass index (BMI) [5, 7, 9, 10] also increase risk of HCV-related hepatic disease.
Several epidemiologic studies have evaluated diet as a risk factor for advanced liver disease [11] [12] [13] [14] [15] [16] [17] . Most employed either an ecological design that correlated population-level consumption of specific foods with population-level levels of liver disease mortality [14, 15] , or a case-control design that compared cases with varied etiologies for liver disease (e.g., hepatitis B, HCV) to controls without liver disease [11-13, 16, 17] . Most studies evaluated only a single or a few selected macro-or micronutrients. Further, none of the ecological studies had confirmatory liver biopsies to stage pathology. A single case-control study had liver biopsy data for both the case and control group [17] . This study, conducted in an Italian population, reported multivariate associations between increased intake of four dietary components (total calories, carbohydrate, lipids and polyunsaturated fats) above government-recommended daily allowance guidelines and risk of biopsy-confirmed advanced liver disease in HCVinfected patients [17] . It is unclear if these results would generalize to US populations given marked differences in customary diet and prevalence of obesity.
One group in the United States that has been particularly affected by HCV is the 8.1 million veterans enrolled in the U.S. Department of Veteran Affairs (VA) healthcare system [18] . A national seroprevalence study demonstrated a markedly higher rate of HCV among veterans using the VA compared to that in the general US population (5.4% [19] vs. 1.8% [20] , respectively).
We performed a retrospective nutritional epidemiology association study in a multiethnic sample of HCV-infected male veterans who access the VA medical system. Our primary goals were (1) to evaluate whether dietary factors associated with risk of advanced HCV-related liver disease in an Italian population [17] were similarly associated with disease risk in a US population, (2) to evaluate multiple additional potential dietary risk factors, and (3) to perform a novel evaluation of the association between physical activity and advanced HCV-related liver disease.
Methods

Design and Study Population Recruitment
We performed a retrospective association study among chronically HCV-infected male patients seen at the Michael E. DeBakey VA Medical Center (MEDVAMC) in Houston, Texas. For purposes of our study, our sampling frame consisted of all consecutive male veterans aged 18-70 years who met the following eligibility criteria: (1) had received a liver biopsy within 3 years of study enrollment, (2) had positive ELISA and PCR tests indicating chronic HCV, (3) were not on HCV treatment either at the time of biopsy or at study recruitment, (4) were serologically confirmed as negative for both HIV and chronic hepatitis B viral infections (HBV surface antigen-), (5) never had either confirmed or suspected decompensated liver disease or liver cancer, and (6) were residents of the greater Houston Metropoplitan Statistical Area or lived within 1.5 hours driving time of MEDVAMC given participation necessitated a clinic visit.
We contacted by phone the first 150 consecutive study eligible veterans from among the over 300 HCV-infected veterans who had biopsies performed at MEDVAMC during the 3 years prior to study initiation. Total time to complete all study activities including an extensive research survey and having anthropometric measures taken was 1.5 hours. Participants received $30 remuneration.
This research study was approved by the Institutional Review Boards for MEDVAMC and Baylor College of Medicine.
Data Collection and Study Measures
Electronic Medical Record Review A physician performed a structured electronic medical record review of all potentially study eligible HCV? veterans listed in our biopsy-based sampling frame prior to study recruitment to (1) confirm the veteran in fact still met clinical eligibility criteria for recruitment, and (2) to record relevant clinical data including viral load and genotype.
Questionnaires
Trained interviewers administered a structured survey to all study participants during a research visit at MEDVAMC. We collected history of lifetime alcohol and tobacco use employing validated questions previously created for US population-based cohort research [21] .
Block Food Frequency Questionnaire
We assessed dietary intake using the validated Block Food Frequency Questionnaire (FFQ) which interrogates quantity and frequency of consumption of customary as well as of seasonal or irregularly eaten individual foods and beverages during the year prior to survey administration [22, 23] . Estimation of customary serving size is aided by use of a pictorial guide. Each participant's dietary item responses were aggregated and interrogated using the BFFQ's validated proprietary algorithm. It then generated estimated average daily dietary intake of all major macronutrients (e.g., protein and saturated fats) and micronutrients (e.g., vitamin E and copper) for all individual participants during this 1-year time period. Participants in our study were further advised that if their customary diet had changed due to their HCV infection diagnosis or any associated symptoms, that they should answer the dietary questions for the year prior to making any dietary modifications.
International Physical Activity Questionnaire
We evaluated study participant's physical activity with the International Physical Activity Questionnaire, short-form (IPAQ-sf) [25] . The IPAQ-sf quantifies total physical activity during the last 7 days across four domains: leisure-, domestic-, work-and transportation-related activity. A total physical activity score was computed for sedentary, walking, moderate-and vigorous-intensity activities using type, frequency, duration and metabolic equivalent of task (MET) for activities within each domain and was reported as METminutes per week. The IPAQ-sf also classifies total combined weekly physical activity scores as representing high, moderate or low activity based on published guidelines and research.
Anthropometric Measurements
We used a single dedicated physician beam scale with height rod to measure weight in pounds and standing height in inches without shoes. All anthropometric measurements were taken twice and the average measurement was used to calculate BMI ([weight in pounds/height in inches 2 ] * 703).
Hepatic Pathology Assessment
All pathology slides were re-evaluated for this study by a single study pathologist who was blinded as to participant's medical history. Hepatic fibrosis was assessed using the METAVIR system [26] five-point scale (F0-F4), whereby F0 indicates fibrosis is absent, F1 is portal/perivenular fibrosis without septa, F2 is fibrosis with a few septa, F3 is numerous septa but cirrhosis is absent, and F4 indicates cirrhosis present. We also assessed necroinflammatory activity using the METAVIR system (A0-A3), where A0 indicates no histologic evidence of activity, A1 is mild inflammatory activity present, A2 is moderate activity present, and A3 is severe activity present. Finally, we assessed degree of steatosis (S0-S3), with S0 indicating B2% affected hepatocytes, S1 as 3-29% affected, S2 with 30-59% affected, and S3 with C60% affected hepatocytes [27] .
Statistical Analyses
We conducted three comparisons based on hepatic fibrosis (F3-F4 vs. F1-F2), inflammation (A2-A3 vs. A1) or steatosis (S2-S3 vs. S1) respectively. We compared estimated daily dietary intake and daily physical activity in cases within each category of advanced liver disease to that in analogous controls with mild liver disease using the Brown-Mood test for medians computed from continuous variables and the V 2 for categorical variables. We employed unconditional binary logistic regression to evaluate the association between daily intake of an individual dietary factor and risk of advanced fibrosis, inflammation or steatosis. In order to evaluate for a potential dose-response relationship, estimated daily intake in all models was by convention divided into tertiles defined as lowest, moderate and high daily consumption. We used the observed dietary factor distribution in the controls to define tertile cutpoints.
All multivariate models compared risk of each sub-type of advanced liver disease in those with lowest and moderate dietary intake compared to those with highest, or upper one-third, daily dietary intake. Every model was adjusted for total daily calories consumed so that reported dietary effect estimates are energy-adjusted or isocaloric [28] . We also adjusted each model for potential confounding by age, race/ ethnicity, BMI, lag-time between biopsy and survey, current alcohol use and pack-years of smoking. We evaluated for potential interaction or effect modification between all main effects; interaction terms were included in final reported models only if significant at P \ 0.15. Model-based parameter estimates are reported as odds ratios with associated 95% confidence intervals. Results were considered significant if the P value was less than 0.05, and approaching significance if the P value was between 0.05 and 0.10.
All analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC).
Results
We successfully contacted 111 male veterans by phone (78% phone contact rate) during our study recruitment period (January 2007 to August 2007). Most (N = 99) veterans contacted consented to participate (89% consent rate). Our analyses are restricted to the 91 participants with complete data for all key risk factors, outcomes and confounders. Of the nine participants not included in our analyses, four were excluded because they provided highly inconsistent answers to the dietary questionnaire, two because they failed to complete a sufficient number of the over 100-item dietary questionnaire to validly calculate nutrient intake, and three because they had liver biopsies with less than the minimum required 11 portal tracts. Overall, our study participant sample represents approximately 10% of all HCV? veterans seen at MEDVAMC during the study period.
The average age at biopsy was 52 years, and most participants were African-American (48%) or white nonHispanic (41%) ( Table 1) . Approximately half (47%) had completed at least some college education and most (88%) were infected with HCV genotype 1.
Sixty-four (70.3%) participants were classified as cases of advanced inflammation (scores A2-A3), 48 (52.7%) were classified as cases of advanced fibrosis (scores F3-F4), and 24 (26.4%) were classified as cases with advanced steatosis (scores S2-S3) ( Table 1) .
The prevalence of health behaviors that increase risk of advanced liver disease was high. More than 91% of these HCV? veterans reported a positive lifetime history of ever regularly consuming alcohol, with almost 42% reporting they currently consumed alcohol ( Table 1) . Prevalence of a positive lifetime history of smoking was almost as high (87%), with over 36% reporting that they currently smoke. Further, more than three-fourths of these veterans were either overweight (42%) or obese (35%).
Dietary History as Risk Factor for Advanced Liver Disease
Few crude comparisons in median daily dietary intake between cases with advanced liver disease and controls (1995, 2000, 2004) with mild liver disease reached or approached statistical significance. Only four dietary factors (carbohydrates, reduced glutathione, percentage of calories from carbohydrates and glycemic index) were significantly different in cases with advanced steatosis compared to controls with mild steatosis. Only one dietary factor, median daily dietary intake of the caretenoid antioxidant lutein, was significantly lower in cases with advanced inflammation compared to controls with mild inflammation (1,707 lg/day vs. 2,767 lg/day, respectively, P = 0.01). Intake of the caretenoid antioxidant lycopene was also lower in advanced inflammation cases, with this effect approaching significance. Only one dietary factor, percentage of calories from sweets, was significantly higher in advanced fibrosis cases compared to mild fibrosis controls in univariate analysis (P = 0.048). The lower median intake of the caretenoid anti-oxidant alpha-carotene in advanced fibrosis cases approached significance (Table 2) .
Fibrosis
In multivariate analysis, lower dietary intake of copper and of fiber were both associated with strong decreased risk of advanced fibrosis, with approximately 14.3-and 7.1-fold statistically significant decreased fibrosis risk in those with lowest and moderate daily copper intake, and a 7.7-and 5.9-fold statistically significant decreased fibrosis risk in those with lowest and moderate daily fiber intake compared to those with highest daily intake ( Table 3 ). Lowest daily intake of both protein and of total glutathione also conveyed decreased fibrosis risk that approached significance. In contrast, lower dietary intake of daily fat servings was positively associated with advanced fibrosis, with moderate intake conveying a significant four-fold increased risk. Similarly, those with the lowest percentage of daily calories from sweets also had over four-fold increased fibrosis risk compared to those with high daily intake. However, moderate intake conveyed no increased risk (OR adjusted = 1.03, 95% CI 0.32-3.28).
The strongest risk factor for advanced fibrosis was African-American ethnicity, which consistently conveyed significant 80-100% increased risk in all multivariate dietary models (data not shown). Other factors associated with significant increased risk included current alcohol drinking and smoking which consistently conveyed from 2.8 to 3.2% excess fibrosis risk per pack-year smoked. No significant interactions were detected among any covariates in these fibrosis risk models.
Inflammation Grade
No dietary factor assessed was significantly associated with reduced risk of advanced inflammation. However, lower dietary intake of several factors was associated with significantly increased inflammation risk.
Lower daily intake of vitamin E conveyed strong increased risk of advanced inflammation, though this effect was significant only for moderate intake (OR adjusted = 6.24, P = 0.03 and OR adjusted = 4.16, P = 0.12 moderate and lowest intake compared to highest intake, respectively) ( Table 3 ). Lower number of daily servings of grains (refined ? unrefined) also increased risk, though this effect was significant only for those with lowest daily intake (OR adjusted = 6.58, P = 0.04 and OR adjusted = 3.45, P = 0.11 for lowest and moderate intake, respectively). Both lowest daily intake of lutein and lowest number of daily fat servings as well as moderate calorie intake were associated with increased inflammation risk that closely approached significance (OR adjusted = 3.46, P = 0.08, OR adjusted = 4.61, P = 0.06, and OR = 3.57 [1.00-12.61], P = 0.05 for lutein, daily fat servings, and total calories, respectively). In marked contrast to advanced fibrosis, neither African-American ethnicity nor smoking conveyed either strong or significant excess risk of advanced inflammation in any multivariate dietary model (data not shown). However, similar to advanced fibrosis, no interactions were detected.
Steatosis
No dietary factor assessed was associated with significantly decreased risk of advanced steatosis in multivariate analysis. The single dietary factor associated with significantly increased steatosis risk was lower daily intake of riboflavin, where moderate intake was associated with a 6.5-fold increased risk compared to those with highest daily intake ( Table 3) . Although lowest daily riboflavin intake also conveyed over four-fold increased risk, the association was no longer significant (P = 0.20). Those with the lowest percentage of caloric intake from carbohydrates also had increased steatosis risk that closely approached significance (OR adjusted = 4.14, P = 0.06) ( Table 3) . Among other sociodemographic and behavioral risk factors we adjusted for, only BMI conveyed significant excess risk in all multivariate models, with an associated 11.1-14.5% increase in risk of advanced steatosis per unit increase in BMI (data not shown). No interactions were detected in any steatosis risk models.
Coffee Drinking
Lower daily intake of coffee was the only dietary factor that was associated with increased risk of advanced liver disease risk (range, OR lowest coffee intake = 2.54-3.04 and OR moderate coffee intake = 1.66-3.19) across all sub-types of advanced liver disease (steatosis, fibrosis and inflammation) in multivariate analyses. However, none of the effects reached significance (Table 3) .
Physical Activity
Median MET-minutes per week of walking were very similar while moderate physical activity was modestly lower among controls with mild disease compared to cases with advanced disease for both fibrosis and inflammation (Table 3 ). In contrast, median MET-minutes per week of walking and of moderate physical activity were both much higher in controls with mild steatosis compared to cases with advanced steatosis, with these effects significant for walking and closely approaching significance for moderate physical activity (P = 0.02 and P = 0.05, respectively). Overall, more than half of these veterans were IPAQ-sf classified as having high cumulative weekly levels of physical activity (Table 3) . However, the relative percentage of veterans classified as having high overall activity level varied according to the severity and sub-type of liver disease. For both fibrosis and inflammation, the percentage of veterans with high activity was greater with advanced disease cases compared to mild disease controls (71.9% vs. 51.99% and 72.9% vs. 58.1% for advanced vs. mild inflammation and fibrosis, respectively). In contrast, the percentage of veterans with high physical activity was lower in cases with advanced steatosis compared to controls with mild disease (50.0% vs. 71.6% for advanced vs. mild steatosis) ( Table 4) .
Discussion
Our present study in male veterans who use the VA healthcare system is the first study to evaluate the association of both multiple potential dietary risk factors and physical activity with advanced liver disease in a HCVinfected population in the United States. We examined and reported risk estimates for a broad number of macronutrients, micronutrients and food-groups, including our novel The largest association we observed was the suggestive 7-to 14-fold reduced risk of advanced fibrosis with lower daily dietary copper intake; both effect sizes were highly significant and followed a dose-response relationship. Some evidence supportive of the biological plausibility of this finding is the well-known increased risk of advanced liver disease in persons with excessive hepatic copper accumulation (e.g., Wilson's disease, Indian Childhood Cirrhosis).
A single large hospital-based case-control study performed in Italy similarly examined the association between dietary intake and risk of advanced HCV-related liver disease. Some important consistencies in findings include concordance in direction of effect (i.e., risk promoting, no effect, or risk reducing) for 8 of 12 possible individual dietary intake comparisons between studies. Additionally, each study identified several unique dietary factors significantly associated with advanced HCV-related liver disease risk. However, caution must be used when comparing these studies, particularly given some key differences in design, including in the underlying target population and the methodology employed to assess dietary intake (i.e., food frequency questionnaire vs. 7-day dietary diary).
Our findings suggesting lower coffee intake may increase risk of advanced fibrosis, steatosis and inflammation are in agreement with other recent research that demonstrated increased coffee and caffeine intake were associated with significantly decreased HCV-related liver disease progression [29, 30] . If replicated in a larger and therefore more adequately powered study, our results suggest that potentially important hepatoprotective benefits may be obtained with even a comparatively modest, and therefore potentially more widely acceptable, increased intake of coffee.
Our physical activity assessments suggest an increased risk of advanced steatosis with lower MET-minutes per week of customary physical activity, with effects statistically significant for walking and approaching significance for moderate physical activity. The few studies that have evaluated modest exercise interventions in HCV-infected populations indicate that they are well-tolerated and convey benefits in terms of improved liver function and healthrelated quality of life [31, 32] . Taken together, our results in conjunction with those from these exercise intervention studies suggest physicians who treat HCV-infected patients may wish to incorporate a specific recommendation on the importance of increased walking.
Our study has multiple strengths. Our utilization of a well-validated food-frequency questionnaire, as opposed to a 3-or 7-day food diary, allowed us to obtain a more stable estimate of daily nutritional intake over a much longer time period while also accounting for any potential effect of seasonal or irregularly eaten foods on disease risk. Isocaloric or energy-adjusted analyses allowed a more valid evaluation of the role individual nutrients may play in disease risk, as did our measurement and adjustment for multiple important confounders for advanced liver disease risk including smoking, alcohol use and BMI. Additionally, our study provides important novel information on estimated effect sizes and variances for multiple potential dietary risk factors within a defined HCV-infected population in the United States, including several that have not been reported on within any other defined HCV-infected population as well. This information is necessary to design adequately powered future nutritional epidemiology studies.
Our study also has several limitations that are important to acknowledge. First, we are unable to make conclusive temporal assessments necessary to infer causality. Although we instructed participants to provide information on their customary diet for the last year if it was indicative of their long-term dietary habits, or else for the year prior to disease diagnosis and any related symptom-onset, we cannot be sure that our single time-point assessment completely accurately reflected actual dietary intake for the salient time period. Also, other than BMI and dietary history, we did not have other measures of nutritional status including a parallel assessment of calorimetry to determine basal metabolic rate or of nutritional biomarkers. Nutritional biomarkers can be particularly useful for purposes of validating self-reported dietary intake and for augmenting information on dietary intake with potentially metabolically effective intake [33] . However, they also have important limitations including the limited number of valid and reliable dietary biomarkers, substantial associated costs and interpretative complexity. Additionally, our study included only male veterans who use the VA. Although they represent an important and very large sub-group of HCV cases in the United States, it is unclear if our findings in this veteran population will generalize to HCV-infected female veterans and mixed gender civilian populations in the United States. A final limitation was our modest total sample size. We consequently had low study power that limited our ability to reliably estimate precise confidence intervals, perform traditional statistical criteria-based adjustment for multiple comparisons, or evaluate for potential interaction among multiple dietary factors. Therefore, even our strongest findings of from 7-to 14-fold significantly decreased risk of advanced fibrosis with reduced daily dietary copper intake must be qualified as provisional pending verification in larger prospective studies.
Our study in an HCV-infected male veteran population suggests several components of diet and physical activity may be associated with risk of advanced liver disease. Additional research examining the role potentially modifiable factors like diet and physical activity may play in risk for advanced liver disease is particularly important in this population as so many HCV-infected individuals are either not treatment candidates, or cannot tolerate or respond to treatment.
